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Abstract 
The aim of the present work is showing that the observed non-Keplerian rotation of the galaxies 
is predicted by the space dynamic gravitational mechanism without dark matter and that the 
current explanation of the galactic gravitational dynamics in terms of dark matter is hypotheti-
cal. Visibly, the need of dark matter is an emergency created by a mistaken view about the na-
ture of space and gravitation. Furthermore, in the view of the present work, the accelerated ex-
pansion of the universe is expansion of the Higgs quantum space itself, driven by minimization 
of its total energy. Spontaneous breaking of the U(1) gauge symmetry and Bose-Einstein con-
densation of the Higgs bosons creates a potential energy well in the form of the Mexican som-
brero. If the density φ φ∗  of the condensate is larger than the equilibrium density, then the 
Higgs quantum space can minimize its energy by volumetric expansion. The idea that the acce-
lerated expansion of the universe is driven by a positive potential energy, dubbed dark energy, 
needs to be unveiled. 
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1. Introduction 
It is well known since decades that the orbital velocity of the stars round the galactic nucleus falls not off with 
distance as predicted by the current theories of gravity. Many published papers [1]-[3] display observed velocity 
profiles of the orbital velocity of the stars in the Andromeda galaxy, of our Milky Way galaxy as well as for 
other galaxies as a function of the distance from the galactic center, determined by spectroscopic methods. 
Figure 1 displays the observed velocity profile of our Milky Way Galaxy together with a typical Keplerian rota-
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tion. From the viewpoint of the current theories, the rotation rate of galaxies is much too fast to be accounted for 
by the gravitational force generated by their content and distribution of visible matter. 

Instead of mistrusting the current theoretical view about space and gravitation, people preferred to mistrust 
the actual instruments of observation. Accordingly, these observations are alleged to see only a small part of the 
matter content of the galaxy and that a huge amount of invisible gravitating dark matter must be acting there. 
The nature of dark matter is really very exotic. It acts by gravity, but does not scatter, absorb or emit electro-
magnetic radiation. Actually a variety of very massive hypothetical non-hadronic particles (MACHOS, WIMPS 
etc.) are being proposed as possible candidates for dark matter. Challengingly, the amount of dark matter, ne-
cessary to account for the observed galactic rotation rate, must be about 5 times larger than that of the whole 
visible matter. To present date nobody has idea where such a huge amount of dark matter could be hided and 
what its nature is. Some authors assert that an external halo of dark matter round the galaxies may explain the 
observed galactic rotation. However, if dark matter interacts by gravity, why then is it not concentrated within 
stars and the center of galaxies? Besides its very exotic nature, its conduct is even much more exotic. The ab-
normal galactic rotation rate is actually the most challenging impasse in the current theories of space and gravi-
tation. 

The distribution of mass within galaxies is neither homogeneous nor spherically symmetric. Galaxies have a 
central bulge, formed by elliptically orbiting stars that normally harbors within it a super-massive black hole. 
Beyond the bulge, up from about 104 light years, galaxies are formed by a swarm of stars that orbit round the 
galactic center along nearly equatorial circular orbits within a thin disk that extends up to about 5 × 104 light 
years. Almost the whole mass of a galaxy is in the form of stars that are orbiting round the galactic nucleus un-
der the collective self-consistent gravitational field created by them. The stars are separated from each other by 
large distances, in the order of light years, so that most of the space within a galaxy is empty. The density of the 
galactic matter undergoes weak variation with distance from the galactic center, due to their spiraled structure. 
Our Milky Way Galaxy is an old barred spiral galaxy having a central bulge of about 104 light years across, that 
is surrounded by a disk-shaped swarm of hundreds of billions of stars orbiting along closely circular orbits that 
extend out to about 4.5 × 104 light years. The bulge contains a central region of lower mass density having a 
diameter of some thousand light years wherein it exhibits a bar shaped halo of hot and dense flowing gases and 
within the bar it harbors a super-massive black hole. Almost the whole mass of the galaxy is orbiting round the 
galactic center within the bulge and the disk in the form of dense stars under their self-consistent gravitational 
field. 

The challenging point in the galactic gravitational dynamics is that within the galactic disk the orbital velocity 
of the stars round the galactic center does not fall off with distance from the galactic center, as predicted by the 
current theories of gravitation. In some galaxies the velocity even increases with distance. However, at the outer 
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Figure 1. The figure displays the profile of the observed rotation rate of the Milky 
Way galaxy as a function of distance from the galactic center and the Keplerian ro-
tation rate. 
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border of the galaxy the galactic rotation rate falls off rather steeply. None of the current theories of gravity can 
explain this galactic gravitational dynamics. Explanations have been attempted introducing a preposterous 
amount of dark matter. In order to be able to explain the galactic gravitational dynamics the dark matter must 
form an external halo of matter round the galaxy. However if this dark matter interacts by gravity, why then is it 
not concentrated within the stars and in the galactic center like usual matter? In the view of the present work, the 
idea of dark matter is an emergency idea enforced by wrong concepts about the nature of space and the gravita-
tional physics. In contrast, the physical mechanism of gravity, proposed by the theory of space dynamics, pre-
dicts the observed galactic gravitational dynamics without the need of dark matter. 

2. Brief Outline of the Space Dynamic Gravitational Mechanism 
According to the new theory of space and gravitation, named space dynamics, [4]-[9] the real space, ruling the 
inertial motion of matter and the propagation of light, is moving in the ordinary three dimensions round each as-
tronomical body throughout the universe according to a Keplerian velocity field, consistent with the local main 
astronomical motions (please see Equation (1) and Figure 2). With respect to this real space earth, the other 
planets and satellites of the solar system as well as all the astronomical bodies in general throughout the universe 
very nearly are stationary. This directly explains the null results of the Michelson light anisotropy experiments. 
Such real space, ruling the inertial motion of matter and the propagation of light, needs not to be invented. The 
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Figure 2. The velocity of the Keplerian velocity field ( )V r  of the QS, due 
to a spherically symmetric body of radius R, with a homogeneous density of 
mass. The figure displays the velocity as a functions of r, from the origin up 
to 3r R= . This profile of the velocities is exactly the same along any direc-
tion, for all φ  and all θ  from the equator to the poles. 
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Quantum Field Theory (QFT) underlying the Standard Elementary Particle Model (SEPM), that now is fairly 
well established, entails the idea that ordinary 3D-space is filled up with the Higgs condensate (HC). This HC is 
a very powerful quantum space (QS) stable up to 1015 degrees Kelvin, that is formed by Bose-Einstein conden-
sation of the zero spin Higgs bosons by spontaneously breaking the universal U(1) gauge symmetry. This HC is 
a quantum fluid, totally analogous to the superconducting condensate (SCC). The HC is to the weak and strong 
nuclear fields (elementary particle fields) what the SCC is to photons. Quantum fluids are well known to intrin-
sically quantize all their cyclic excitations. Likewise superconductors develop screening currents (velocity fields 
of the SCC) and a Lorentz force field in the presence of magnetic fields, confining and compressing these fields 
by the Meissner effect and making them short-range, thereby giving inertial mass to the photons within the su-
perconductor, the HC develops velocity fields of the HC round matter fields, confining them by the Higgs me-
chanism, giving inertial mass to the elementary particles, that is, giving them mechanical properties. This lets 
clear that the HC is the QS that rules the inertial motion of matter and the propagation of light and hence is the 
locally ultimate but moving reference for rest and for motions of matter and light. As the HC rules the inertial 
motion of matter, its motion according to a non-uniform velocity field, generates a field of inertial (gravitational) 
forces compressing matter into dense matter bodies. 

Recent experimental observations, achieved with the help of the tightly synchronized clocks of the Global Po-
sitioning System (GPS) [10]-[12] show that this QS-dynamics is not simply a guess. They show very clearly that 
the QS, ruling the propagation of light and the rate of clocks, is moving round earth according to a Keplerian 
velocity field consistently with the Moon’s orbital motion and round the Sun consistently with the earth’s orbital 
motion. [4]-[6] In order to describe this velocity field let us define non-rotating systems of orthogonal coordinate 
axes (XYZ), with origins fixed respectively to the center of earth, to the center of the sun and to the galactic 
center, the direction of these axes being fixed with respect to very distant astronomical objects and the Z axis 
along to rotation axis of earth, of the solar system and of the galaxy. Let ( ), ,r θ φ  be the usual sperical coordi-
nates and ( ), ,r θ φe e e  unit vectors pointing along the positive direction of these sperical coordinates. 

In terms of these usual spherical coordinates the Keplerian velocity field associated with a body of radius R 
and mass M for r R>  is: 

( ) [ ] ( )1 2r M r r Rφγ= >V e                                 (1) 

where γ  is the gravitational constant (please see Figure 2). Within the homogeneous and spherically symme-
tric matter body r R<  the velocity field of the QS is given by: 

( ) ( ) ( ) ( )
1 22 23 2r V R r R e r Rφ

 = − < V                           (2) 

where ( )V R  is the velocity of the QS at the surface of the body. It is important to observe that within the gra-
vitational source the velocity still increases toward the gravitational center, but becomes completely flat near to 
the center (see Figure 2). 

In Refs. [6] [7] it is shown that this Keplerian velocity field of the QS Equation (1) straightforwardly creates 
the observed gravitational dynamics on earth and within the solar system. It also is shown to correctly generate 
all the observed effects of the gravitational fields on the propagation of light and the rate of clocks, there includ-
ing all the new effects recently discovered with the help of the GPS. Within this Keplerian velocity field the 
circular orbital motions of the planets round the Sun and of the natural satellites round the planets trace out very 
closely the circulation field of the QS and hence closely rest with respect to this QS. These bodies are essentially 
carried around by the moving QS. In fact the planets have only very low velocities with respect to the local 
moving QS. In particular, the small orbital eccentricity of the planet Earth shows that it moves with only about 
100 m sec  with respect to the QS in the solar Keplerian velocity field. The effects of such low velocities are 
much too small to be detected even by the actual most sensitive instruments. Within an astronomical scale of 
velocities, the planets do very nearly rest with respect to the QS. This explains the null results of the Michelson 
experiments, searching for light anisotropy due to the orbital and cosmic motion of earth. The very slow motion 
of the planets with respect to the QS is ruled by the usual principle of inertia. Due to the differential velocity of 
the QS in the Keplerian velocity field, the velocity vector of the free bodies with respect to the QS continuously 
changes direction and size. These variations involve effects of refraction and wavelength stratching-compression. 
Figure 3 is a highly precise graphical display, showing how the direction and length of the velocity vector of a  
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Figure 3. The figure is a very precise graphical representation of the orbital velocity orbv , the velocity with respect to the 

QS propv  and the local velocity of the QS in the Keplerian velocity field ( )rV  for a large number of points along an ellip-

tical orbit with eccentricity 0.5= . The rotation rate of propv  can be read precisely enough in the figure. Specifically the 

rotation rate of the φ  velocity component can be read at the top of the figure, while that of the r velocity component can be 
read at the left hand side (please see Equation (3)). 
 
free body with respect to the local QS changes along an equatorial excentric orbit. From this variation of the ve-
locity vector the effective time rate of the opposite refraction of the φ  velocity component (top) and the r va-
locity component (left) can be read. These rotation rates are characteristic of the Keplerian velocity fields of the 
QS. Please observe the 4π  periodicity in this variation. 
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Equations (3) show the result of this lecture: 

( )
1 231

2r r M r θγ = −  W e                                  (3a) 

( )
1 23r M rφ θγ =  W e                                     (3b) 

( ) 0rθ =W                                               (3c) 

Using Equations (3a) and (3b) the hyperbolic rotation matrix can be defined: 

0 d0 d
1d 0 d 0r

W tW t
W t W t

u

φ
    = =   −     

A                            (4) 

The collumn matrix of the r and φ  velocity components of the body with respect to the QS, on which the 
hyperbolic rotation matrix acts is: 

( ) ( )
( )

r t
t

tφ

ν
ν

 
=   − 

ν                                     (5) 

In terms of the matrices Equations (4) and (5) the equation ruling the vertical free-fall can be written as: 

d
dt

= Aν ν                                       (6) 

This equation develops into: 
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               (7) 

The solution of this equation (please see Section 5 of Refs. [6] [7] for details) leads to the usual expression for 
velocity of vertical free-fall and the implicit velocity as a function of position. For bodies in orbit, it is necessary 
to add in Equation (3) and in the matrix Equation (4) the effect of the trigonometric angular velocity, due to the 
orbital motion round the gravitational center. In Refs. [6] [7] it is shown that the spacedynamic gravity field is 
spherically symmetric with orbital motions. 

The weak ellipticity of the planetary orbits is consequence of the hyperbolic refraction rate (Equation (3) of 
the very slow r and φ  velocity components with respect to the QS along the elliptic orbit (see Figure 3). The 
Keplerian velocity field of the QS, creating the earth’s gravitational field, achieves nearly 8 km sec  on surface 
in the sense of the Moon’s orbital motion. The earthglobe rotates in the ordinary space only very slowly 
( )460 m sec  in the same sense as the QS, so that the earth based laboratories move with respect to the QS op-
positely to the earth’ rotation at nearly 8 km sec . Bodies released within earth based laboratories are observed 
as vertical free-fall. However, from the viewpoint of the earth’s non-rotating reference, they in fact move for a 
short time interval along highly eccentric elliptic orbits round the center of earth. 

3. The Observed Galactic Gravitational Dynamics without the Need of Dark Matter 
From the viewpoint of the present theory of space dynamics, in the galactic gravitational dynamics it is funda-
mental to take into account the fact that almost the whole matter, creating and ruling the galactic gravitational 
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dynamics, is moving round the galactic nucleus. While in the solar system 99.9% of the mass in concentrated in 
the sun, in the galaxy more than 99.9% is orbiting round the galactic center. This obviously makes a difference. 
Each orbiting star carries with it its velocity (gravitational) field given by Equation (1). Likewise in the solar 
system, these velocity fields are fairly well polarized and rotate all in the same sense. Adequate addition of these 
velocity fields generates the galactic velocity (gravitational) field that rules the galactic gravitational dynamics. 
The stable spiraled structure of the galaxies must be seen as a perturbation of this ordered composition. 

In order to highlight the relevance of the effect of motion of the individual gravitational sources on the collec-
tive velocity field of the Higgs quantum space QS of a system of bodies gravitating in their self-consistent field, 
let us begin with the simple case of a binary system of two equal stars of mass M moving in the same circular 
orbit round the center of mass in the equatorial plane of the collective velocity field as shown in Figure 4. The 
ordinary dynamics of such a system can fairly well be described by Newtonian mechanics. Balance of the mu-
tual Newtonian gravitational forces ( )22 2 oM xγ  and of the centripetal force 2

o oMv x  on each star, due to 
the orbital motion, define the orbital velocity ov  of each star round the center of mass (CM): 

( )1 2
0 0

1 2
2

M xν γ=                                    (8) 

On the other hand, the velocity of a small test particle, orbiting round an equal isolated (static) mass M at the 
same distance 2 ox  in a circular equatorial orbit, is considerably larger: 

( )1 2
0 0 02 2M xν γ ν′ = =                                  (9) 

Obviously, from the viewpoint of the current gravitational theories there is nothing wrong with Equation (8) 
and Equation (9). However, although these equations express exactly what is observed, it must be remembered 
that the Newtonian gravitational forces are not physically real and moreover that after four decades of efforts, 
Quantum Gravity has not succeeded in providing physical reality to them. Hence, the explanation in terms of 
gravitational forces must be abandoned. GR is a much more realistic theory of gravitation, in which no gravita-
tional forces are acting. However, GR too cannot explain the galactic gravitational dynamics. Moreover, now 
GR is in serious troubles with several recent experimental facts, because it cannot explain the absence of the 
gravitational time dilation on the GPS clocks, due to the solar gravitational potential as well as other clear-cut 
experimental observations (please see Section 3 in Refs. [4] [5]). These facts frontally contradict predictions of 
GR. On the other hand, the theory of space dynamics provides the simple physical origin of the inertial dynamics 
 

 
Figure 4. Two equal masses 1 2M M M= =  moving in the same sense round the center of mass (CM) within the equatorial 
plane of the combined velocity field. Note that the velocity fields of the QS round each individual mass of the binary are 
symmetric from the viewpoint of the non-rotating references attached to each moving mass. However, from the viewpoint of 
the non-rotating [X, Y] coordinate axes with origin fixed to the CM, the velocity of the QS in the velocity fields of 1M  and 

2M  are larger outside than inside the binary orbit due to the orbital motion of the sources round the CM. 
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observed within the gravitational fields. It also accounts in terms of simple and genuine physical effects for all 
the other effects caused by gravitational fields on the velocity of light and on the rate of clocks, including all the 
new effects recently discovered with the help of the GPS. Here it moreover will be shown that this space dy-
namic gravitational mechanism predicts the observed gravitational dynamics of galaxies, without the need of 
dark matter, thereby providing a simple solution to this impasse. 

From the viewpoint of space dynamics, Equations (8) and (9) unveil a key feature that discloses the effect of 
motion of the gravitational sources on their velocity fields of the QS. This is a fundamental ingredient in the 
gravitational dynamics of a system of bodies gravitating in their self-sustained gravitational field. Equation (9) 
gives the local velocity of the QS in the Keplerian velocity field round a static mass M. However, this is certain-
ly true also in the case of the binary system. Equation (8) too gives the velocity of the QS, due to each one of the 
stars at the site of the companion star in the combined velocity field of the binary system. Hence, both Equations 
(8) and (9) describe the velocity of the QS in the respective velocity fields. However, why are these velocities so 
different? The only possible reason for the reduced velocity of the QS of 1M  at the position of 2M  and that 
of 2M  at the position of 1M  in the binary system [Figure 4] is the orbital velocity of respectively 1M  and 

2M  round the center of mass (CM). The orbital velocity of the binary system reduces the velocity field 1,intV  
of 1M  at the right-hand side of 1M  and also reduces 2,intV  of 2M  toward the left-hand side of 2M , as 
given by Equation (8) and as depicted in Figure 4. In the case of Equation (9) the source and the CM of the sys-
tem practically remains stationary, and therefore the velocity field of the QS, due to the central source M, is not 
affected at all and its velocity field is that of a static source, exactly as given by Equation (1). Consider now in 
addition a small test particle moving in the collective velocity field round the binary system within the orbital 
plane of the binary, however sufficiently far away in order to minimize the asymmetries of the binary field. The 
orbital velocity v of such a test particle is of course: 

( )1 22v M rγ=                                     (10) 

For large r this expression too represents the velocity of the QS in the collective velocity field round the bi-
nary system: 

( ) ( )1 22collV r M rγ=                                   (11) 

In order to reconcile the addition of the velocity fields of 1M  and 2M  outside the binary with the collective 
velocity field, given by Equation (11), the same orbital velocity that reduces the velocity fields toward the inner 
side must enhance them outward to the binary. It must increase 1V  toward the left-hand side of 1M  and 2V  
toward the right-hand side of 2M . At distances r much larger than 2 ox , addition of the velocity fields of 1M  
and 2M  must reproduce the value given by Equation (11). Note that addition of velocity fields must obey the 
sum rule for velocity fields: 

( )1 22 2
1 2V V V= +                                     (12) 

This rule arises because in the expression for the velocity field Equation (1) only the square root of the source 
mass appears. Accordingly, addition of the velocity fields as a function of x along the X axis outside of the bi-
nary in Figure 4 conforms to the equation: 

2
1,2

0

2 1
2

M M V
x x x
γ γ

= +
+

                                (13) 

Solving for 1,2extV V=  along the X axis for large x, which means large r, the velocity fields of 1M  as well 
as of 2M  outside the binary are given by: 

1,2
3
2

MV
r

γ
=                                    (14) 

so that for large x, large r 

( )1 2

0 0

3 1 2
2 2ext

M MV M r
x x x x
γ γ γ= +
− +

                         (15) 
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This shows that effectively the same orbital velocity that reduces the velocity fields of 1M  and 2M  [Equa-
tion (8)] by a factor ( )1 21 2  toward the inner side in Figure 4, enhances the velocity fields of 1M  and 2M  
by a factor ( )1 23 2  toward the outer side. This is of course not for nothing. The reason for this clearly is the 
motion of the sources. This feature is a unique characteristic of the space dynamic gravitational mechanism. 
None of the current theories of gravitation can give rise to this feature. Of course the situation is very different if 
the gravitational sources are static (not in orbit). However, in this case the system would be completely unstable 
and both sources would accelerate (fall) toward the CM because of mutual influence in their velocity fields. 

In-between the orbiting bodies of the binary system the velocity fields of 1M  and 2M , are reduced by their 
orbital velocity. They are opposite to each other and opposite to the external velocity field. Close to 1M  the 
velocity field of 1M  dominates and close to 2M  the velocity field of 2M  is dominant. The resultant collec-
tive velocity field in-between the two masses as a function of x along the axis of X is given by: 

( ) 2 2 1 2
1 2

0 0

1 1
2 2int

M MV x V V
x x x x
γ γ

= − = −
+ −

                      (16) 

For 0x = , ( ) 0intV x =  (if 1 2M M= ), while for ox x= , ( )intV x  points downwards and is large near 2M  
(see Figure 4) and for ox x= − , ( )intV x  points upwards and is large near 1M . 

For other directions, adequate vector addition in conformity with Equation (12) must be performed. Along the 
Y axis the collective velocity field may be expressed by: 

( )
( )

2

3 22 2
0

2 MyV y
x y

γ
=

+
                             (17) 

However, this equation is certainly not correct close to the binary because the collective velocity field is consi-
derably affected by the flow continuity and conservation of volume. However, for large y Equation (17) too ap-
proximates Equation (10). 

Note that within the binary orbit the circulation field of the QS round the CM is opposite to the orbital motion 
of the binary as well as opposite to the external velocity field as indicated in Figure 4. It is clear that within the 
orbit of the binary the velocity field is strongly reduced and that a stagnation point exists at the CM where the 
velocity of the QS falls to zero. 

With the increase of the number of masses moving in the same sense in the same orbit, the opposite internal 
and external velocity fields of the QS become more and more symmetric. However, while the opposite internal 
velocity field remains reduced, the collective velocity field outside the loop is enhanced by more and more 
sources. Figure 5 displays a sketch for a system of four masses M orbiting round the center of mass under their 
collective velocity (gravitational) field. 

In order to advance closer toward the realistic situation of a galactic system, consider now multiple concentric 
circular orbit loops with larger and larger radii and each loop containing a large number of bodies. Each loop 
acts in the sense of reducing the velocity field toward the inner side while enhancing it outward. The velocity 
field of the QS increases at each loop from ( )1 21 2 V−  to ( ) ( )1 2 1 23 2 ,V V M rγ= ⋅  which makes a step by a 
factor nearly 2V. Note that the squared velocity is equal to the gravitational potential 2V M rγ= ⋅ . From the 
viewpoint of the current theories the gravitational potential does not depend on the (small) velocity of the source 
and therefore the step is only about 1 22 .V  In fact the velocity on from each loop decreases according to 
( )1 2M rγ , where r is the distance on from the loop, the effective increase of the velocity depends on the 
separation of the loops, which is related with the density of the stellar matter. The positive gradient in the orbital 
velocity of the stars diminishes with increasing distance (d) between the successive loops and becomes constant for 

4d   times the basic distance 02x  between the inner binary (Figure 4). However, with farther increase of the 
distance d between the loops, the velocity gradient falls to zero and eventually inverts its direction, where the orbital 
velocity of the stars becomes constant with the distance to the galactic center and eventually begins to decrease. 

The model is of course an idealization. It however shows that, if the density of matter in the galaxy increases 
with distance, the orbital velocity of the stars may strongly increase. If the matter density becomes constant with 
distance from the galactic center, the orbital velocity must increase moderately. If the density decreases mod-
erately with distance, the orbital velocity may become constant. However, if the density falls to zero at the  
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Figure 5. The figure is a qualitative sketch of the collective velocity 
field generated by four polarized equal masses moving in the same 
sense in the same circular orbit round the center of mass. Note that with- 
in the orbit the velocity field of the QS is weak and circulates in the 
opposite sense with respect to the much stronger external velocity field. 

 
galactic border, the velocity field recovers the Keplerian dependence with distance on from this border. 

The inner part of the galaxies is a region of hot flowing gases and has low mass density. However, outward 
the mass density and hence the orbital velocity increases very steeply as observed. Moreover, depending on the 
rate of the mass density increase, a retrograde rotation with respect to the outer galactic disk may form. In some 
galaxies such retrograde rotation is effectively observed. NGC 7331 is an example of a galaxy in which the inner 
bulge rotates in the opposite sense to that of the disk. [13] However, many other known examples exist. Mod-
erate decrease of the mass density with distance, like observed in our Milky Way galaxy is expected to lead to 
nearly constant velocity as a function of distance from the galactic center. However, beyond the border of the 
rotating galaxy the velocity field may retake the decrease according to the Keplerian rotation. 

The above analysis evidences that the space dynamic gravitational mechanism provides the base to account for 
the observed non-Keplerian galactic rotation as a function of the distance from the galactic center and can appro-
priately settle the galactic gravitational dynamics without the need of dark matter. The velocity field of the QS 
(gravitational field) that rules the galactic gravitational dynamics of a system of orbiting bodies certainly is much 
different from the Keplerian velocity field of the QS created by a single, compact, homogeneous, spherically sym-
metric and nearly static system of matter. The galactic rotation takes place within the self-consistent velocity field 
of the QS (gravitational field) generated by the whole ensemble of orbiting stars. Hence, from the viewpoint of the 
above analysis, it is not at all strange that the rotation of galaxies be a non-Keplerian one. Also in the central part of 
the galaxy the velocity field of the QS may be much reduced, analogously as shown by Equation (16) for the binary 
and becomes even more evident in the case of loops of four or more bodies [Figure 5]. Even the possibility of re-
trograde rotation of the inner part of a galaxy, as observed in some galaxies, is predicted. Hence, from the view-
point of space dynamics, the observed non-Keplerian rotation of the galaxies is in no way a surprise. 

It may be interesting to note that within the solar system the planets too are expected to induce a very weak 
but non-vanishing attenuation in the ( )1 21 r  dependence of the solar velocity (gravitational) field. Hence, the 
radial dependence of the velocity field becomes truly Keplerian only beyond the border of the solar system. This 
will say that the solar gravitational acceleration increases a little bit beyond the border of the solar system. This 
may explain the Pioneer anomaly, which is a very small increase in the gravitational attraction of the Pioneer 10 
and Pioneer 11 spacecrafts by the Sun, observed beyond the border of the solar system [14] [15]. 

Beyond the bulge, up from about 7 × 103 light years, the stars are well known to move round the galactic cen-
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ter within the galactic disk in orbits that are closely circular. From the viewpoint of space dynamics, this is evi-
dence that these stars are commoving with the QS in the galactic velocity field of the QS. Otherwise their orbits 
could not be so circular. Moreover, the null results of the Michelson experiments searching for light anisotropy 
due to the orbital and cosmic motion of Earth demonstrate that the velocity of our solar system with respect to 
the QS, despite its orbital velocity of about 230 km/sec round the galactic center, is closely zero and by conson-
ance the velocity of all the stars of the galaxy within the galactic disk may be closely zero too. This will say that 
the equator of the galactic velocity field of the QS creating the galactic gravitational field coincides with the ga-
lactic disk and that the motion of stars along the circular orbits round the galactic center are in fact commoving 
with the QS in the galactic velocity field. They simply trace out the motion of the QS in the galactic velocity 
field. Hence, the function that describes well the observed circular orbital velocities of the stars as a function of 
distance within the galactic disk round the galactic center also describes well the galactic velocity field of the QS. 
These stars are resting with respect to the QS and therefore the velocity of light is isotropic with respect to them.  

Moreover, clocks locally commoving with these stars, rest with respect to the QS. They run naturally syn-
chronous and show all the same universal proper time. The circular orbital motions of the stars are of course not 
constrained to these circular orbits by gravitational forces. According to space dynamics, these stars are locally 
stationary with respect to the moving QS. They are essentially carried around by the moving QS in the galactic ve-
locity field of the QS, analogously as the planets are carried around the sun by the solar Keplerian velocity field of 
the QS. Therefore, these orbital motions need not to be explained anymore, because it is space itself that so moves. 

Within the bulge of the galaxy the orbits of stars are much elliptic and the orbital planes are much inclined 
with respect to the galactic plane. This will say that the velocity of these stars with respect to the QS is relatively 
large and this is what gives rise to the bulge. 

Another important parameter in the gravitational dynamics is the gravitational potential ( )U r   . According 
to the Virial Theorem, the gravitational potential has a very simple relation with the (circular) orbital velocity 

( )orbV r : 

( ) ( )2
orbU r V r= −                                       (18) 

Hence, knowing the orbital velocity, the gravitational potential can be directly calculated from Equation (18) 
and vice-versa. 

Several authors have computed the gravitational potential ( )U r    as a function of the distance from the ga-
lactic nucleus for our Milky Way galaxy as well as for other galaxies with base in the conventional theories of 
gravitation, taking into account the visible star density as a function of distance (see for instance reference [16]). 
Systematically these gravitational potentials are all inconsistent with the observed orbital motions of the stars. 

As predicted by space dynamics, the gravitational potential determined within the galactic disk, with base in 
Equation (18) (please see Figure 6), is considerably more leveled than the potentials computed with base in the 
current gravitational theories. The velocity gradient in the galactic velocity field and hence the gravitational ac-
celeration of a body resting within the galactic disk, predicted by space dynamics, is very low and notwith-
standing the stars move along circular orbits round the galactic center (no need of a central force field). They are 
carried around the galactic nucleus by the moving QS; likewise the planets are carried round the sun by the solar 
Keplerian velocity field of the QS and need no centripetal force to move so. The impasse of the current theories 
with these observations arises because, in order to account for the circular motion of the stars round the galactic 
center they absolutely need a gradient of the gravitational potential (centripetal force), pointing to the gravita-
tional center. The absence of such a gradient gives rise to an unsolvable paradox. Instead of amending the theo-
ries, people preferred to believe in the presence of invisible halo of dark matter crating such a gradient. 

On from the galactic border, the density of stars falls much more steeply. Beyond the galactic border, the veloci-
ty field of the QS may fall according to ( )1 21 'r , where r' = r – 40 (in 103 light year units) is the distance on from 
the galactic border. Beyond the galactic border, the gravitational acceleration of a resting body toward the galactic 
center is very large. The galactic gravitational potential is approximately a disk shaped square potential well. 

Although an exact determination of the galactic velocity field with base in the space dynamic gravitational 
mechanism has not been worked out, the above analysis gives convincing evidence that space dynamics can 
predict qualitatively, even with details the observed galactic gravitational dynamics without the need of dark 
matter. Even the possibility of the unbelievable retrograde rotation of the inner part of galaxies, observed in 
many galaxies, is a natural outcome of space dynamics. 
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Figure 6. The figure depicts the usual gravitational potential ( )U r M rγ= − , nor- 
malized to the value of U at the galactic border, in which r is the distance from the 
galactic center. It also shows the gravitational potential, calculated using Equation (18) 
within the galactic disk as well as beyond, assuming that beyond the galactic border U 
follows the ( )1 r  dependence, where r' = r – 40 in light year units. 

4. Dark Energy a Global Higgs Quantum Space Phenomenon 
The observed accelerated expansion of the universe [17] [18] has no physical explanation to present date.  
Usually it is imputed to a hypothetical new kind of positive potential energy, simply dubbed dark energy. The 
consensus is that dark energy distributes it homogeneously throughout space and is estimated to be 68% of the 
total mass-energy content of the universe (fourteen times the whole visible matter). The accelerated expansion 
also has been explained in terms of the cosmological constant in Einstein’s equation for the spacetime curvature. 
This however is not a physical explanation, but only a mathematical account. The present work proposes a suit-
able physical mechanism, that may be responsible for the accelerated expansion of the universe. 

The null results of the Michelson light anisotropy experiments show that earth is resting with respect to Higgs 
quantum space (QS), ruling the inertial motion of matter and the propagation of light. However, obviously earth 
cannot be kinematically privileged in detriment to all the other astronomical bodies throughout the universe. From 
the viewpoint of the present work, the gravitational dynamics is created by motion of the real QS round each as-
tronomical body, according to a Keplerian velocity field, consistent with the local main astronomical motions. 
Within the galaxy this velocity field is consistent with the galactic gravitational dynamics (see the previous Section 
3). However, while this accounts for the null results of the Michelson light anisotropy experiments concerning the 
motion within the solar system and within the galaxy, it does not explain why the velocity of light is isotropic with 
respect to earth, viewed the recession between the galaxies. In fact the close isotropy of light with respect to earth 
and certainly with respect to all the main astronomical bodies, demonstrates that the recession of the galaxies does 
not make the velocity of light anisotropic with respect to earth. This can be reasonable only if the quantum space 
(QS), ruling the inertial motion of matter and the propagation of light, is itself expanding consistently with the re-
cession of the galaxies and with the expansion of the matter universe. In this case the red-shift of the radiation, 
emitted by the distant astronomical objects, is not a usual Doppler shift but is due to stretching of the wavelength, 
caused by the expansion of the QS, its medium of propagation, as a function of time. The wavelength of radiation 
from more distant objects stretches during a longer time and so becomes more red-shifted. 

Expansion of the QS is a phenomenon that necessarily is related with the physics involved in the creation of 
the Higgs condensate. In Section 2 it has been asserted that the Higgs condensate is created by Bose-Einstein 
(BE) condensation of the zero spin Higgs bosons. BE condensation occurs because of the phase correlation be-
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tween the wavefunctions of the zero spin Higgs bosons, leading to spontaneous breaking of the U(1) gauge 
symmetry of the system of particles. Phase coherence allows the system of bosons to lower their energy. During 
BE condensation the bosons undergo a transition to a long-range phase coherent state, the particles all assuming 
a well defined phase, becoming indistinguishable and tunneling throughout the volume of the condensate. The 
Higgs condensate (HC) is a quantum fluid analogous to the superconducting condensate. The HC plays in space 
an analogous role as the superconducting condensate plays is superconductivity. It is described by a complex 
order parameter ( )eiθφ φ= r , where φ  is the amplitude and 0θ  is the well defined phase. The BE correlation 
is responsible for creating a negative potential energy (bonding) term proportional to *φ φ . In addition to this 
negative potential energy term there is the positive potential energy (anti-bonding) interaction term, the value of 
which is proportional to ( )2*φ φ  so that the system cannot collapse. The effective potential energy ( )U φ  is 
given by: 

( ) ( ) ( )2* *U n mφ φ φ φ φ= − +                              (19) 

However, the negative coefficient of the first (bonding) term is significantly larger than the positive one of the 
anti-bonding term. Therefore, the effective potential energy forms a negative potential energy well, analogously 
as the covalent chemical bond, the form of which is a characteristic of the boson system and the deepness de-
pends on the strength of the BE correlation. The minimum of potential energy occurs not for * 0φ φ = , as would 
be usual, but for the finite value * n mφ φ = . As the phase can take values within zero and 2π , the potential 
energy well has the form of a Mexican sombrero in the complex Reφ  and Imφ  plane (see Figure 7). During BE 
condensation the boson system lowers its total energy by simultaneously creating and going into the potential 
energy well. However, the energy of the boson system depends on the local volumetric density *φ φ  of the 
condensate. In the case of the Higgs condensate, this density extends homogeneously throughout space. If the 
volumetric density is lower than n m  (see H−  in Figure 7), the system can reduce its energy by accelerated 
shrinking of its volume (Higgs mode see red arrow in Figure 7). If the density *φ φ  is larger than n m  (see 
H+  in Figure 7), the system can reduce its energy by accelerated expansion of its volume. Hence, if initially 
the density *φ φ  is maximum, the boson system may undergo the cycle of successive accelerated expansion, 
decelerated expansion (after which the density *φ φ  is minimum), then accelerated shrinking and finally dece-  
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Figure 7. The figure depicts the form of the Mexican sombrero potential, in-
dicating the transition to the lower energy phase coherent Higgs condensate 
(HC) with the well-defined phase 0θ . The figure also indicates the high vo-

lumetric density ( )H+  and low volumetric density ( )H−  states, driving 
accelerated expansion or accelerated contraction (red arrows) of the HC and 
of the universe. This is the Higgs mode. The Goldstone mode also is indicated 
along the blue bottom circle. 
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lerated shrinking (after which the density becomes maximum). In the language of the QFT the fluctuations of 
the density *φ φ  along the red arrows in Figure 7 correspond to the Higgs mode. Fluctuations of θ  along the 
blue line correspond to Goldstone modes. 

The Higgs condensate is a BE condensate to which such cyclic expansion and contraction may apply. Volu-
metric expansion of the Higgs condensate (HC) is volumetric expansion of the Higgs quantum space (QS), 
which entails expansion of the universe. Observations show that actually the universe is in a stage of accelerated 
expansion. This means that the density *φ φ  of the HC is larger than the value n m  and hence that the HC is 
minimizing its energy undergoing accelerated expansion of its volume. It is very important to note that expan-
sion of the universe must take place without setting the astronomical bodies into motion with respect to the QS, 
because this would lead to large anisotropy of light with respect to earth and which would have immediately 
been detected by the Michelson light anisotropy experiments. The fact that the Michelson light anisotropy expe-
riments gave a null result, shows that the universe expands consistently with the Higgs-QS. The Higgs-QS is 
like a 3D elastic body that is cycling between successive expansions and contractions as a whole, likewise im-
agined in the theory of the cyclic universe. The question that may be asked is if the universe is a homogeneous 
breathing universe or if it is a wave-like inhomogeneous universe, in which, while some regions are expanding, 
others are contracting. 

Finally, what is the role of gravity in the life of the universe? Observations show that the direction of the rota-
tion axes of the galaxies is almost random. From the viewpoint of the present work, because of this randomness, 
the gravitational interaction may be attractive or repulsive. It is attractive between galaxies rotating in the same 
sense (round rotation axes making an angle lower than 90 degrees), but is repulsive between oppositely rotating 
galaxies (round axes making angles larger than 90 degrees). In this way attractive gravitation may on the overall 
be neutralized by anti-gravitation. In order to explain what is here meant by anti-gravitation, consider two well 
separated astronomical bodies of equally large masses and the Keplerian velocity fields of the QS, creating their 
gravitational fields (see Section 2), spinning round parallel axes. The important question to be answered is: 
What will happen if the two bodies approximate each-other? The point here is not giving an exact quantitative 
answer. A qualitative answer suffices. According to the space dynamic gravitational mechanism, if their velocity 
fields are spinning in the same sense, they will add up their velocity fields according to Equation (12), thereby 
increasing the total negative gravitational potential of the system. However, in case the velocity fields are spin-
ning in opposite senses, their velocity fields will gradually add up to zero according to Equation (12) and their 
total effective negative gravitational potential may gradually cancel. While in the first case approximation of the 
bodies creates an additional negative (attractive) gravitational potential term, in the second case the approxima-
tion adds a positive (repulsive) gravitational potential term that gradually cancels the total negative potentials of 
the individual bodies. While the behavior in the first case fits into the view of the current gravitational theories, 
the second case is a novelty predicted by space dynamics. According to conservation of energy, while in the first 
case kinetic energy can be created by letting the two bodies approximate each-other, because this increases the 
negative gravitational potential energy of the system, in the second case, kinetic energy can be created by letting 
the bodies move away from each-other, because this too increases the gravitational potential energy of the sys-
tem. This behavior evidences that while in the first case the bodies interact attractively, in the second case they 
repel each other, they antigravitate. 

Within the solar system the rotation axes of the velocity fields of the sun, of the planets and of the planetary 
satellites are fairly well polarized (aligned), their velocity fields spinning in the same sense as can be verified 
from the motions of the satellites round the planets and of the planets round the Sun. The only anomalous case is 
with the satellites of Uranus. This however may be due because the satellites of Uranus are captured satellites. 
An analogous polarization seems to be well present between the stars of each galaxy. Therefore, within the solar 
system, within the Milky-Way galaxy and within galaxies in general only attractive gravitational interaction is 
observed. However, astronomical observations show that the direction of the rotation axes of the different galaxies 
throughout the universe is almost random. Hence, in the large scale dynamics of the universe the gravitational 
interaction does not play a dominant role. This dominant role belongs to the cyclic expansion-contraction of the 
Higgs-QS. The gravitational interaction is responsible for the filamentary large scale structure of the universe. 

5. Conclusion 
This work shows that the space dynamic gravitational mechanism, which straightforwardly explains the gravita-
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tional dynamics on earth and in the solar system, [5]-[7] can predict correctly the observed gravitational dynam-
ics of the galaxies, without the need of dark matter. This work also appoints expansion of the Higgs quantum 
space itself, driven by energy minimization, as the physical origin of the accelerated expansion of the universe. 
This mechanism has the virtue of being intrinsically homogeneous throughout the universe and does not put the 
astronomical bodies into motion with respect to the Higgs quantum space, which would run into conflict with 
the null results of the Michelson light anisotropy experiments. 
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